Abstract
Introduction
Genetic improvement in Hevea has been described as one of the outstanding success stories in agriculture of the 20 th century. The rapid adoption of indigenously bred new clones has contributed substantially to attain higher yield both in the estate as well as in smallholding sectors of the country. Though the handfuls of improved highyielding new clones are available, the genetic base of the existing population is very narrow. Identification of these clones plays a vital role in the crop management system and research. Knowledge of relatively consistent characters of a clone either singly or in combination will enable to identify different clones recommended for planting. Although clones do not exhibit highly distinct variations, most of them possess certain minor, but more or less stable morphological features, which can be used upon for identification. However, the expression of those characters is the result of the interaction of genotype with an environment in a different magnitude. Hence, it is always desirable to consider those traits that are least influenced. Use of morphological markers is cost effective when compared to the use of biochemical and molecular markers for preliminary characterization of a large number of accessions (Martinez et. al., 2003) . All the clones recommended for planting need to be characterized using a standard set of characters. Morphological classification for rubber is done based on the set of descriptors first suggested by Dijkman (1951) , then followed by Jayasekara et.al. (1984), and Mercykutty et. al. (1991) . However, the use of minimum but important list of descriptors would help save resources. Therefore, it is necessary to identify highly discriminating descriptors relevant to the clones selected in order to minimize the list of descriptors.
Principal component analysis and cluster analysis are the commonly used multivariate techniques for characterization and genetic diversity analysis of perennial crops such as tea (Wickramaratne, 1981 and Gunasekara et. al., 2001) coconut (Kumaran et.al., 2000) . However, in rubber, numbers of morphological studies were reported in all rubber producing countries (De Silva and Sachuthananthavale, (1961 ), Paardikooper, (1965 ), Jayasekara et. al., (1984 ), Mercykutty et. al., (1991 , 2002 , Penot and Rasidin, (1994) and Michel and Beningo, (1994) ) and all of them were confined to collection of morphological data for identifying the clones. There is no evidence for statistical analysis for characterization of clones based on their morphological descriptors. Therefore, the objective of the present study was to identify key morphological features contributing to the total phenotypic variation among the Sri Lankan rubber clones at their immature stage.
Materials and Methods
Thirty of the Sri Lankan rubber clones in the 100 series, 200 series and 2000 series were selected (Table 1) (Attanayake, 2001) . The clones raised in the polybags were transplanted into the field with the spacing of 3' x 3' in a completely randomized block design. Characters were recorded at the plant at 12 to 18 months aged from fifteen plants five each randomly selected from three replicates. Data were collected from the top most nature leaf whorl. All informative morphological data were selected based on the previous studies carried out by early researchers. As the descriptors used in the study consisted of quantitative and qualitative characters such as;  Nodes -axillary buds and leaf scars  Leaf storey -shape, separation and external appetence of leaf storey  Petiole and petiolule -pulvinus, shape, size, orientation, angle and size of petiole  Leaves -colour, lusture, texture, shape and size, cross-section and longitudinal section appearance, leaf apex, leaf base, leaf margin and degree of separation were collated.
Non-parametric data were converted on a scale of numeric data to enable them to be used in statistical analysis. 
Results and Discussion
Correlation matrices obtained from the PCA of the 29 morphological descriptors shows that Eigenvalues of the first 12 principal components (PCs) were greater than one and they were significantly contributed to the variation existing in the clones studied. Furthermore, those 12 PCs accounted for the 85% of the total variation (Table 2) . Then the eigenvectors generated by the first 12 PC shows that some of the variables (which are highlighted) are comparatively higher than the other variables (Table 2) . Although all the twenty-nine variables have contributed to a certain degree to deciding the position of each of first twelve principal components, it is clearly evident that some of the variables play comparatively significant role in selecting the position of each PCs indicating that they are the main contributors in each component. When explaining the above patterns of the 29 variables, it was clearly evident that 27 variables have contributed significantly to decided the positioning of the first eleven PCs and ultimately to the variation (Table  3) . Only two variables were found comparatively less significant. They were the orientation of pulvinus and the nature of veins. Through the PC analysis, it was able to reduce the number of descriptors (or combinations of descriptors) in the form of principal components. To achieve the main objective of grouping the accessions, cluster analysis was performed based on average linkage on the first twelve principal components. The dendrogram (Fig. 1) indicates that the 30 rubber clones used in this study were grouped into six well-defined clusters at the average distance of 1.0. The remaining 23 clones formed a major cluster (Cluster 6) which shows more resemblances in their morphology. This is because that most of the clones possess similar traits due to lower genetic diversity as they were derived from common ancestors. The present analysis of morphological characters provides the basis for broad classification of rubber clones and PCA identifies the variables contributing to most of phenotypic diversity while clustering helps in grouping of clones based on their degree of relationship to each other based on their common morphological features.
Conclusions
This study classified the 30 rubber clones recommended to grow in Sri Lanka into well-defined phenotypic groups. Principal component analysis (PCA) using 29 morphological descriptors and cluster analysis based on first 12 principal components (PCs) group all 30 clones into six major clusters. Among all 29 descriptors measured, 27 descriptors highly contributed to the phenotypic diversity of the clones. Although clones do not exhibit highly distinct variations, most of them possess certain minor, but more or less stable morphological features, which can be used upon for identification. Analysis of morphological characters provides the basis for broad classification of rubber clones, and PCA identifies the variables contributing to most of phenotypic diversity of the clones.
